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?*L  AME-  RET  ARDANT  RESIN 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  f l a m e - r e t a r d a n t  

r e s i n   h a v i n g   e x e l l e n t   m o l d a b i l i t y   .  More  p a r t i c u l a r l y ,   i t  

• e l a t e s   to   s u c h   a  f l a m e - r e t a r d a n t   r e s i n   c o m p o s e d  

s s s e n t i a l l y   of  a  s p e c i f i c   f l u o r i n e - c o n t a i n i n g   c o p o l y m e r  
> b t a i n e d   by  t h e   c o p o l y m e r i z a t i o n   of  t e t r a f   l u o r o e t h y l e n e   , 
: h l o r o t r i f l u o r o e t h y l e n e   and  e t h y l e n e .  

In  r e c e n t   y e a r s ,   an  a t t e n t i o n   has  been   d r a w n   t o  

l a m e - r e t a r d a n t   r e s i n s   h a v i n g   a  h i g h   o x y g e n   i n d e x ,   l o w  

uming  p r o p e r t y   and  low  d r i p p i n g   p r o p e r t y   as  c o a t i n g  

a t e r i a l s   f o r   p l e n u m   c a b l e s   or  as  f i r e   p r o o f i n g  
a t e r i a l s .   As  one  of  t h e   r e s i n s   h a v i n g   s u c h   p r o p e r t i e s ,  

f l u o r i n e - c o n t a i n i n g   c o p o l y m e r   o f  

h l o r o t r i f l u o r o e t h y l e n e   ( h e r e i n a f t e r   r e f e r r e d   to   s i m p l y  

s  CTFE)  w i t h   e t h y l e n e   ( h e r e i n a f t e r   r e f e r r e d   to  s i m p l y   a s  
D  is  k n o w n .   For   e x a m p l e ,   some  CTFE/ET  t y p e   c o p o l y m e r s  

re  d i s c l o s e d   in  U.S .   p a t e n t s   3 , 8 4 7 , 8 8 1   and  3 , 7 6 7 , 6 3 4 ,  

s s t   German  P a t e n t   P u b l i c a t i o n   No.  2 , 6 1 3 , 6 9 1   and  J a p a n e s e  

Kamined  P a t e n t   P u b l i c a t i o n   No.  3 2 7 8 6 / 1 9 7 4 .  

H o w e v e r ,   c o n v e n t i o n a l   CTFE/ET  t y p e   c o p o l y m e r s   u s u a l l y  

ive  a  r e l a t i v e l y   low  t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e  
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a t   a  l e v e l   of  a b o u t   3 2 0 ° C .   F l u o r i n e - c o n t a i n i n g  

c o p o l y m e r s   h a v i n g   a  r e l a t i v e l y   h i g h   t h e r m a l   d e c o m p o s i t i o n  

t e m p e r a t u r e ,   t e n d   to   have   a  h i g h   m e l t i n g   p o i n t   a t   a  l e v e l  

of  a t   l e a s t   2 5 0 ° C .   In  any  c a s e ,   t h e y   have   a  d r a w b a c k  

t h a t   t h e   m o l d a b l e   t e m p e r a t u r e   r a n g e   is   n a r r o w .  

The  a b o v e - m e n t i o n e d   p u b l i c a t i o n s   a l s o   d i s c l o s e   c o p o l y m e r s  

of  t e t r a f l u o r o e t h y l e n e   ( h e r e i n a f t e r   r e f e r r e d  

to   s i m p l y   as  TFE)  w i t h   ET  and  C T F E / T F E / E T   t y p e   c o p o l y m e r s .  

H o w e v e r ,   t h e s e   c o p o l y m e r s   h a v e   d r a w b a c k s   such   t h a t   t h e  

3  o x y g e n   i n d e x   is   s m a l l ,   or  d r i p p i n g   t a k e s   p l a c e   a t   t h e  

t i m e   of  c o m b u s t i o n ,   t h u s   t h e   f l a m e   r e t a r d a n c y   i s   n o t  

n e c e s s a r i l y   s a t i s f a c t o r y .  

I t   i s   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   s o l v e   t h e  

a b o v e - m e n t i o n e d   d r a w b a c k s   i n h e r e n t   to   t h e   c o n v e n t i o n a l  

5  t e c h n i q u e s ,   and  to   p r o v i d e   a  f l a m e - r e t a r d a n t   r e s i n   h a v i n g  

a  h i g h   t h e r m a l   d e c o m p o s i t o n   t e m p e r a t u r e ,   a  wide   m o l d a b l e  

t e m p e r a t u r e   r a n g e   and  e x c e l l e n t   m o l d a b i l t y .  

The  p r e s e n t   i n v e n t o r s   have   c o n d u c t e d   e x t e n s i v e  

r e s e a r c h e s   and  s t u d i e s   on  f l u o r i n e - c o n t a i n i n g   c o p o l y m e r s  

,0  e x p e c t e d   to  have   h i g h   t h e r m a l   d e c o m p o s i t o n   t e m p e r a t u r e s  

w i t h   an  aim  to  s o l v e   t h e   a b o v e - m e n t i o n e d   p r o b l e m s ,   and  a s  

a  r e s u l t ,   we  have   f o u n d   t h e   f o l l o w i n g   i n t e r e s t i n g   f a c t .  

N a m e l y ,   we  h a v e   f o u n d   t h a t   i t   is   p o s s i b l e   to  o b t a i n   a  

f l u o r i n e - c o n t a i n i n g   c o p o l y m e r   h a v i n g   a  h i g h   t h e r m a l  

25  d e c o m p o s i t i o n   t e m p e r a t u r e   and  e x c e l l e n t   m o l d a b i l i t y   b y  

c o p o l y m e r   i z i n g   a  c o m b i n a t i o n   of  t h r e e   c o m p o n e n t s   of  C T F E ,  

TFE  and  ET,  and  t h a t   e x c e l l e n t   f l a m e   r e t a r d a n c y   can  b e  

a t t a i n e d   w h i l e   m a i n t a i n i n g   t h e   e x c e l l e n t   m o l d a b i l i t y   b y  
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a d j u s t i n g   t h e   c o m p o s i t i o n a l   p r o p o r t i o n s   of  t h e  

a b o v e - m e n t i o n e d   t h r e e   c o m p o n e n t s   in  c e r t a i n   s p e c i f i c  

r a n g e s .  

The  p r e s e n t   i n v e n t i o n   has  b e e n   a c c o m p l i s h e d   on  t h e  

b a s i s   of  t h e   a b o v e   d i s c o v e r i e s ,   and  p r o v i d e s   a  

f l a m e - r e t a r d a n t   r e s i n   h a v i n g   e x c e l l e n t   m o l d a b i l i t y  

composed   e s s e n t i a l l y   of  a  f l u o r i n e - c o n t a i n i n g   c o p o l y m e r  
u b t a i n e d   by  t h e   c o p o l y m e r i z a t i o n   of  TFE,  CTFE  and  E T ,  

t h e r e i n   t h e   c o p o l y m e r   c o m p r i s e s   f rom  10  to  60  m o l a r   %  o f  

CFE,  f rom  20  to   60  m o l a r   %  of  CTFE  and  f rom  20  to   40  

n o l a r   %  of  ET,  and  has  a  t h e r m a l   d e c o m p o s i t i o n  

: e m p e r a t r u r e   of  a t   l e a s t   3 2 5 ° C .  

Now,  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

l e t a i l   w i t h   r e f e r e n c e   to  t h e   p r e f e r e d   e m b o d i m e n t .  

In  t he   p r e s e n t   i n v e n t i o n ,   i t   is   i m p o r t a n t   t h a t   t h e  

: l u o r i n e - c o n t a i n i n g   c o p o l y m e r   is   o b t a i n e d   by  t h e  

: o p o l y m e r i z a t i o n   of  t he   t h r e e   c o m p o n e n t s   of  TFE,  CTFE  a n d  
!T  in  t he   s p e c i f i c   c o m p o s i t i o n a l   p r o p o r t i o n s .   F i r s t l y ,  

he  p r o p o r t i o n   of  ET  is  f rom  20  to  40  m o l a r   %,  p r e f e r a b l y  

rom  25  to  35  m o l a r   %.  If   t h e   a m o u n t   of  ET  i s   t o o   m u c h ,  
he  oxygen   i n d e x   d e c r e a s e s ,   w h e r e b y   i t   b e c o m e s   d i f f i c u l t  

o  o b t a i n   e x c e l l e n t   f l a m e   r e t a r d a n c y .   On  the   o t h e r   h a n d ,  
f  t h e   a m o u n t   is  t oo   s m a l l ,   t he   m e l t   v i s c o s i t y   t e n d s   t o  

e  h i g h   to  a  l e v e l   of  t he   m e l t   v i s c o s i t y   o f  

o l y t e t r a f l u o r o e t h y l e n e   or  p o l y c h l o r o t r i f   l u o r o e t h y l e n e   , 
h e r e b y   t he   m o l d a b i l i t y   w i l l   be  p o o r .   S e c o n d l y ,   t h e  

r e p o r t   ion  of  CTFE  is  from  20  to  60  m o l a r   %,  p r e f e r a b l y  

rom  20  to  55  m o l a r   %.  If   t he   a m o u n t   of  CTFE  is   t o o  
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s m a l l ,   d r i p p i n g   is  l i k e l y   to   t a k e   p l a c e   a t   t h e   t i m e   o f  

c o m b u s t i o n ,   and  i f   t h e   a m o u n t   i s   t o o   much ,   t h e  

m o l d a b i l i t y   t e n d s   to   be  p o o r .   F i n a l l y ,   t h e   p r o p o r t i o n   o f  

TFE  i s   f rom  10  to  60  m o l a r   %,  p r e f e r a b l y   f rom  15  to  5 5  

5  m o l a r   %.  If   t he   a m o u n t   of  TFE  is   t o o   s m a l l ,   t h e  

d i f f e r e n c e   b e t w e e n   t h e   m e l t i n g   p o i n t   and  t h e   t h e r m a l  

d e c o m p o s i t i o n   t e m p e r a t u r e   t e n d s   to  be  s m a l l ,   w h e r e b y   t h e  

m o l d a b i l i t y   w i l l   be  p o o r .   On  t h e   o t h e r   h a n d ,   i f   t h e  

a m o u n t   i s   too  much ,   t he   m e l t   v i s c o s i t y   t e n d s   to   be  h i g h ,  

10  w h e r e b y   t h e   m o l d a b i l i t y   w i l l   be  p o o r .  

The  a b o v e - m e n t i o n e d   s p e c i f i c   f l u o r i n e - c o n t a i n i n g  

c o p o l y m e r   of  t he   p r e s e n t   i n v e n t i o n   has  e x c e l l e n t  

m o l d a b i l i t y   and  e x c e l l e n t   f l a m e   r e t a r d a n c y .   N a m e l y ,   t h e  

o x y g e n   i n d e x   is  at  l e a s t   60,   e . g .   as  h i g h   as  f rom  76  t o  

15  80,   and  a t   t h e   t i m e   of  c o m b u s t i o n ,   i t   is   c a r b o n i z e d   a n d  

t h u s   has   good  d r i p p i n g   r e s i s t a n c e .   F u r t h e r ,   t h e  

d i f f e r e n c e   b e t w e e n   t h e   m e l t i n g   p o i n t   and  t h e  

d e c o m p o s i t i o n   t e m p e r a t u r e   i s   at   l e a s t   1 2 0 ° C ,   e . g .   a s  

l a r g e   as  from  140  to  185°C ,   and  t h u s   i t   has  e x c e l l e n t  

20  m o l d a b i l i t y .   F u r t h e r m o r e ,   t h e   s p e c i f i c  

f l u o r i n e - c o n t a i n i n g   c o p o l y m e r   of  t h e   p r e s e n t   i n v e n t i o n  

has   a  h i g h   t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e ,   and  i t  

u s u a l l y   has  a  t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e   of  a t  

l e a s t   3 2 5 ° C ,   and  in  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   ' t h e r m a l  

25  d e c o m p o s i t i o n   t e m p e r a t u r e   can  be  made  as  h i g h   as  from  340  

to   3 7 0 ° C .   The  m e l t i n g   p o i n t   may  v a r y ,   l i k e   t h e   a b o v e  

t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e ,   d e p e n d i n g   upon  t h e  

m o l e c u l a r   w e i g h t   w h i c h   w i l l   be  d e s c r i b e d   h e r e i n a f t e r .  
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H o w e v e r ,   t he   m e l t i n g   p o i n t   i s   u s u a l l y   f rom  170  to  2 3 0 ° C ,  
p r e f e r a b l y   f rom  180  to  2 2 0 ° C .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   m o l e c u l a r   w e i g h t   of  t h e  
s p e c i f i c   f l u o r i n e - c o n t a i n i n g   c o p o l y m e r   is   u s u a l l y   f rom  5 

5  to   200  m m 3 / s e c ,   p r e f e r a b l y   f rom  10  to  150  m m 3 / s e c .   a s  
t h e   v o l u m e t r i c   f l o w   r a t e   w h i c h   w i l l   be  d e f i n e d  

h e r e i n a f t e r ,   in  o r d e r   to  p r o v i d e   a d e q u a t e   m e c h a n i c a l  
s t r e n g t h   as  a  c o a t i n g   m a t e r i a l   f o r   e l e c t r i c   w i r e s   or  as  a  
f i r e   p r o o f i n g   m a t e r i a l   and  to  p r o v i d e   e x c e l l e n t  

0  m o l d a b i l i t y .  

The  t e rm  " v o l u m e t r i c   f l o w   r a t e "   u s e d   in  t h i s  
s p e c i f i c a t i o n   is   d e f i n e d   as  f o l l o w s ,   and  g i v e s   an  i n d e x  
f o r   t h e   m o l e c u l a r   w e i g h t .   N a m e l y ,   by  u s i n g   a  K o k a - t y p e  
f l o w   t e s t e r ,   1  g  of  a  s a m p l e   was  e x t r u d e d   f rom  a  n o z z l e  

1  h a v i n g   a  n o z z l e   d i a m e t e r   of  1  mm  and  a  l a n d   l e n g t h   of  2 
mm  at   a  p r e d e t e r m i n e d   t e m p e r a t u r e   and  a  p r e d e t e r m i n e d  
l o a d   of  30  k g / c m 2 ,   and  t h e   v o l u m e   of  t he   m o l t e n   s a m p l e  
e x t r u d e d   d u r i n g   a  u n i t   t i m e   is   d e f i n e d   to  be  t h e  
" v o l u m e t r i c   f l o w   r a t e " ,   and  t h e   u n i t   of  t h e   v o l u m e t r i c  
f l o w   r a t e   is  m m 3 / s e c .   H e r e ,   t h e   p r e d e t e r m i n e d  

t e m p e r a t u r e   is   s e l e c t e d   w i t h i n   t h e   t e m p e r a t u r e   r a n g e  
w i t h i n   wh ich   t h e   s p e c i f i c   f l u o r i n e - c o n t a i n i n g   c o p o l y m e r  
i s   m o l d a b l e   ( i . e .   t h e   t e m p e r a t u r e   r a n g e   b e t w e e n   t h e  
m e l t i n g   p o i n t   and  t h e   t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e ) .  
T h u s ,   w i t h   r e s p e c t   to  t he   s p e c i f i c   f l u o r i n e - c o n t a i n i n g  

c o p o l y m e r   in  t h e   p r e s e n t   i n v e n t i o n ,   300°C  is  s e l e c t e d   a s  
t h e   p r e d e t e r m i n e d   t e m p e r a t u r e .  

For   t he   p r o d u c t i o n   of  t h e   f l u o r i n e - c o n t a i n i n g  

c o p o l y m e r   of  t h e   p r e s e n t   i n v e n t i o n ,   any  p o l y m e r i z a t i o n  
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l e t h o d   known  or  w e l l - k n o w n   f o r   t h e   c o p o l y m e r i z a t i o n   o f  

•FE  or  CTFE,  may  be  e m p l o y e d   w i t h o u t   any  p a r t i c u l a r  

r e s t r i c t i o n .   For   e x a m p l e ,   any  one  of  s o l u t i o n  

j o l y m e r i z a t i o n ,   s u s p e n s i o n   p o l y m e r i z a t i o n   and  e m u l s i o n  

) o l y m e r i z a t i o n   may  be  e m p l o y e d .   The  p o l y m e r i z a t i o n  

L n i t i a t o r   to   be  u s e d   f o r   t h e   s o l u t i o n   p o l y m e r i z a t i o n ,  

i n c l u d e s ,   f o r   e x a m p l e ,   d i - ( c h l o r o f l u o r o a c y l )   - p e r o x i d e ,  

a i - ( p e r f   l u o r o a c y l   )  - p e r o x i d e   , 

a j - h y d r o p e r f   l u o r o a c y l )   - p e r o x i d e ,   t - b u t y l  

p e r o x y i s o b u t y r a t e   and  d i i s o p r o p y l   p e r o x y d i c a r b o n a t e   . 

F u r t h e r ,   t h e   s o l v e n t   may  be  a  c h l o r o f   l u o r o a l k a n e   . 

The  c h l o r o f   l u o r o a l k a n e   i n c l u d e s ,   f o r   e x a m p l e ,  

t r i c h l o r o f l u o r o m e t h a n e ,   d i c h l o r o d i f   l u o r o m e t h a n e   , 

d i c h l o r o f   l u o r o m e t h a n e   ,  c h l o r o d i f   l u o r o m e t h a n e   , 

t r i f   l u o r o m e t h a n e   ,  t r i c h l o r o t r i f   l u o r o e t h a n e ' ,  

d i c h l o r o t e t r a f l u o r o e t h a n e ,   c h l o r o p e n t a f   l u o r o e t h a n e   a n d  

d i f   l u o r o e t h a n e .   F u r t h e r ,   i f   n e c e s s a r y ,   a  c h a i n   t r a n s f e r  

a g e n t   may  be  a d d e d   to   c o n t r o l   t h e   m o l e c u l a r   w e i g h t .  

For   e x a m p l e ,   i t   is  p r e f e r r e d   to  e m p l o y   a  c h a i n   t r a n s f e r  

a g e n t   s u c h   as  c a r b o n   t e t r a c h l o r i d e ,   n - p e n t a n e ,   n - h e x a n e ,  

i s o p e n t a n e ,   t r i c h l o r o f l u o r o m e t h a n e   or  m e t h a n o l .  

In  t h e   s u s p e n s i o n   p o l y m e r i z a t i o n ,   t h e   same  i n i t i a t o r s  

as  m e n t i o n e d   in  t h e   a b o v e   s o l u t i o n   p o l y m e r i z a t i o n   may  b e  

e m p l o y e d   as  t h e   i n i t i a t o r   f o r   t h e   r a d i c a l -   p o l y m e r i z a t i o n .  

As  t h e   s o l v e n t ,   t h e r e   a re   may  be  e m p l o y e d   a  m i x t u r e   o f  

w a t e r   w i t h   a  c h l o r o f   l u o r o a l k a n e   as  m e n t i o n e d   in  t h e   a b o v e  

s o l u t i o n   p o l y m e r i z a i o n ,   w h e r e b y   t he   m i x i n g   r a t i o   o f  

w a t e r :   c h l o r o f   l u o r o a l k a n e   is   u s u a l l y   f r o m   1:9   to   9 : 1 ,  
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p r e f e r a b l y   f rom  1 :5   to   5 : 1   by  w e i g h t .   As  t h e   c h a i n  

t r a n s f e r   a g e n t ,   i t   i s   p r e f e r r e d   to  use   t h o s e   m e n t i o n e d   i n  
t h e   a b o v e - s o l u t i o n   p o l y m e r i z a t i o n .   F u r t h e r ,   a  

f l u o r o c a r b o n - t y p e   e m u l s i f i e r   s u c h   as  C?F15C00NH4  o r  
i  C8F17COONH4,  may  be  a d d e d   as  a  s u s p e n s i o n   s t a b i l i z e r .  

As  t h e   r a d i c a l   p o l y m e r i z a t i o n   i n i t i a t o r   to   be  u s e d   in  t h e  
e m u l s i o n   p o l y m e r i z a t i o n ,   t h e r e   a r e   may  be  e m p l o y e d   u s u a l  
w a t e r - s o l u b l e   r a d i c a l   p o l y m e r i z a t i o n   i n i t i a t o r s .   F o r  
i n s t a n c e ,   d i s u c c i n i c   a c i d   p e r o x i d e ,   ammonium  p e r s u l f a t e ,  

0  p o t a s s i u m   p e r s u l f a t e ,   t - b u t y l p e r o x y i s o b u t y r a t e   a n d  

2 , 2 ' - d i g u a n y l - 2 , 2 ' - a z o p r o p a n e   d i h y d r o c h l o r i d e ,   may  b e  
m e n t i o n e d .   As  a  s o l v e n t ,   w a t e r   a l o n e   or  a  s o l v e n t  

m i x t u r e   of  w a t e r   w i t h   an  o r g a n i c   s o l v e n t ,   may  b e  

e m p l o y e d .   As  t h e   o r g a n i c   s o l v e n t ,   t - b u t a n o l ,  

5  d i f l u o r o e t h a n e   or  t r i c h l o r o t r i f   l u o r o e t h a n e   may  be  u s e d .  
As  a  c h a i n   t r a n s f e r   a g e n t ,   t h o s e   m e n t i o n e d   f o r   t h e  

s o l u t i o n   p o l y m e r i z a t i o n   may  be  e m p l o y e d .   As  t h e  

e m u l s i f i e r ,   i t   i s   p r e f e r r e d   to   e m p l o y   a  f l u o r o c a r b o n - t y p e  
e m u l s i f i e r   such   as  C7Fl5COONH4  or   C g F ^ C O O N I ^ .  

»  The  p o l y m e r i z a t i o n   c o n d i t i o n s   in  t h e   a b o v e - m e n t i o n e d  

v a r i o u s   p o l y m e r i z a t i o n   m e t h o d s   may  be  s e l e c t e d   f rom  w i d e  

r a n g e s   w i t h o u t   any  p a r t i c u l a r   r e s t r i c t i o n .   S p e c i f i c  

m a n n e r   and  c o n d i t i o n s   f o r   p o l y m e r i z a t i o n s   w i l l   b e  

d e s c r i b e d   in  E x a m p l e s   g i v e n   h e r e i n a f t e r .  

The  f l u o r i n e - c o n t a i n i n g   c o p o l y m e r   f o r   t h e   p r e s e n t  
i n v e n t i o n   has  a  wide   m o l d a b l e   t e m p e r a t u r e   r a n g e   and  c a n  
be  u s e d   w i d e l y   f o r   m o l d i n g   v a r i o u s   s h a p e d   p a r t s ,   p i p e s   o r  
c o n t a i n e r s ,   m  p a r t i c u l a r ,   by  v i r t u e   of  i t s   e x c e l l e n t  



u  z  z t n   i  e  

-  8  -  

: lame  r e t a r d a n c y ,   i t   is   s u i t a b l y   e m p l o y e d   as  a  c o a t i n g  

m a t e r i a l   f o r   e l e c t r i c   w i r e s ,   e l e c t r i c a l   p a r t s ,   b u i l d i n g  

m a t e r i a l   p a r t s   or  p a r t s   f o r   a u t o m o b i l e s   or  a i r c l a f t s ,   a n d  

It  i s   a l s o   a p p l i c a b l e   to  f i b e r s   or  f i l m   s h e e t s .  

Now,  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n  

E u r t h e r   d e t a i l   w i t h   r e f e r e n c e   to  E x a m p l e s   and  C o m p a r a t i v e  

E x a m p l e s .   H o w e v e r ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e  

p r e s e n t   i n v e t i o n   i s   by  no  means   r e s t r i c t e d   by  s u c h  

s p e c i f i c   E x a m p l e s .   The  m e l t i n g   p o i n t ,   t h e   t h e r m a l  

d e c o m p o s i t i o n   t e m p e r a t u r e ,   t h e   c o p o l y m e r   c o m p o s i t i o n ,   t h e  

o x y g e n   i n d e x   and  t h e   d r i p p i n g   p r o p e r t y   a t   t h e   t i m e   o f  

c o m b u s t i o n ,   w e r e   m e a s u r e d   by  t he   f o l l o w i n g   m e t h o d s .  

M e l t i n g   p o i n t   and  t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e ;  

By  u s i n g   DT-3D  m o d e l   m a n u f a c t u r e d   by  S h i m a d z u  

C o r p o r a t i o n ,   t h e   t e m p e r a t u r e   was  r a i s e d   f r o m   r o o m  

t e m p e r a t u r e   a t   a  r a t e   of  1 0 ° C / m i n . ,   w h e r e b y   t h e   m a x i m u m  

p o i n t   of  t h e   m e l t i n g   c u r v e   was  t a k e n   as  t h e   m e l t i n g  

p o i n t ,   and  t h e   s t a r t i n g   p o i n t   f o r   d e c r e a s e   of   t h e  

t h e r m o g r a v i m e t r   ic  c u r v e   was  t a k e n   as  t h e   t h e r m a l  

d e c o m p o s i t o n   t e m p e r a t u r e .  

C o p o l y m e r   c o m p o s i t i o n :  

The  c o m p o s i t i o n   of  e a c h   c o p o l y m e r   was  c a l c u l a t e d   f r o m  

t h e   f l u o r i n e   c o n t e n t   and  t h e   c h l o r i n e   c o n t e n t   of  t h e  

c o p o l y m e r .   The  f l u o r i n e   c o n t e n t   and  t h e   c h l o r i n e   c o n t e n t  

we re   m e a s u r e d   by  t h e   f o l l o w i n g   m e t h o d s ,   r e s p e c t i v e l y .  

N a m e l y ,   t h e   f l u o r i n e   c o n t e n t   was  d e t e r m i n e d   by  t r a p p i n g  

t h e   f l u o r i n e   g e n e r a t e d   by  t h e   t h e r m a l   d e c o m p o s i t o n   of  t h e  

c o p o l y m e r ,   in  an  a q u e o u s   s o l u t i o n   and  m e a s u r i n g   i t   by  a  
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f l u o r i d e   ion  s e l e c t i v e   e l e c t r o d e   <No.  476042   m a n u f a c t u r e d  
by  C o r n i n g   C o m p a n y ,   U . S . A . ) .   The  c h l o r i n e   c o n t e n t   w a s  
d e t e r m i n e d   by  m o l d i n g   t h e   c o p o l y m e r   i n t o   a  s h e e t   a n d  
m e a s u r i n g   t h e   c h l o r i n e   c o n t e n t   by  a  f l u o r e s c e n t   X - r a y  

i  a n a l y s e r   ( I K F 3 0 6 4 M   m o d e l   m a n u f a c t u r e d   by  R i g a k u   D e n k i  
KK)  . 

Oxygen   i n d e x ;  

In  a c c o r d a n c e   w i t h   t h e   m e t h o d   of  J i s   K 7 2 0 1 - 1 9 7 2 ,   t h e  
o x y g e n   i n d e *   was  m e a s u r e d   by  means   of  C a n d l e   m e t h o d  

)  c o m b u s t i o n   t e s t e r   n u m b e r   606  m a n u f a c t u r e d   by  Toyo  S e i k i  
KK. 

D r i p p i n g   p r o p e r t y   *t  *-he  t i m e   of  r n m h M e t . 4 _ ,  

A  s h e e t   s a m p l e   h a v i n g   a  t h i c k n e s s   of  0 .5   mm  w a s  
P l a c e d   on  a  m e t a l   n e t .   The  s a m p l e   was  b u r n t   by  a  b u n s e n  
b u r n e r   u s i n g   p r o p a n e   gas   w i t h   a  f l a m e   d i r e c t e d   o b l i q u e l y  
f rom  a b o v e ,   w h e r e u p o n   t h e   d r i p p i n g   p r o p e r t y   was  e v a l u a t e d  
by  e x a m i n i n g   w h e t h e r   or  no t   a  c h a r c o a l   r e m a i n e d   on  t h e  
m e t a l   n e t .  

E x a m p l e   1 

i n t o   an  e v a c u a t e d   1200  ml  s t a i n l e s s s   s t e e l   a u t o c l a v e ,  
626  g  of  t r i c h l o r o t r i f l u o r o e t h a n e   and  561  g  o f  
t r i c h l o r o f l u o r o m e t h a n e   were   a d d e d   u n d e r   s t i r r i n g ,   a n d  
t h e n   6 4 . 6   g  of  c h l o r o t r i f   l u o r o e t h y l e n e ,   2 .6   g  of  e t h y l e n e  
and  1 2 0 . 6   g  of  t e t r a f   l u o r o e t h y l e n e   were   a d d e d   t h e r e t o .  
The  t e m p e r a t u r e   of  t h e   a u t o c l a v e   was  r a i s e d   to   65°C  u n d e r  
s t i r r i n g ,   and  a  5  ml  of  a  s o l u t i o n   o b t a i n e d   by  d i s s o l v i n g  
t - b u t y l   p e r o x y i s o b u t y r a t e   in  t r i c h l o r o t r i f l u o r o e t h a n e   i n  
an  a m o u n t   of  4 1 . 6   g / 1 ,   was  a d d e d   t h e r e t Q f   T h e  
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2 
:  t h i s   p o i n t   was  12  kg /   cm  . 

;  t h e   p o l y m e r i z a t i o n   s t a r t e d ,   a  gas   m i x t u r e   c o m p r i s i n g  

)  m o l a r   %  of  t e t r a f   l u o r o e t h y l e n e ,   20  m o l a r   %  o f  

i l o r o t r i f   l u o r o e t h y l e n e   and  30  m o l a r   %  of  e t h y l e n e ,   w a s  

D n t i n u e o u s l y   s u p p l i e d   to  m a i n t a i n   t h e   p r e s s u r e   a t   a  

a n s t a n t   l e v e l .  

A f t e r   c o n d u c t i n g   t h e   p o l y m e r i z a t i o n   f o r   3  h o u r s ,   t h e  

r o d u c t   was  r e c o v e r e d   and  d r i e d   a t   150°C  f o r   9  h o u r s   t o  

b t a i n   51  g  of  a  p o l y m e r .   The  c o m p o s i t i o n   of  t h i s  

i o l y m e r   was  T F E / C T F E / E T   =  4 5 / 2 4 / 3 1   ( m o l a r   %)  as  m e a s u r e d  

iy  t h e   a b o v e - m e n t i o n e d   m e a s u r i n g   m e t h o d .   F u r t h e r ,  

r a r i o u s   p r o p e r t i e s   s u c h   as  t h e   m e l t i n g   p o i n t ,   t h e   t h e r m a l  

l e c o m p o s i t i o n   t e m p e r a t u r e ,   e t c .   w e r e   m e a s u r e d ,   and  t h e  

r e s u l t s   a r e   shown  in  T a b l e   1 .  

Sxample   2 

The  o p e r a t i o n   was  c o n d u c t e d   in  t h e   same  m a n n e r   as  i n  

E x a m p l e   1  e x c e p t   t h a t   t h e   w e i g h t s   of  t h e   m o n o m e r s  

i n t i a l l y   c h a r g e d   w e r e   c h a n g e d   to   1 0 3 . 8   g  o f  

c h l o r o t r   i f   l u o r o e t h y l e n e ,   2 . 1   g  of  e t h y l e n e   and  89 .1   g  o f  

t e t r a f   l u o r o e t h y l e n e ,   and  t h e   c o m p o s i t i o n   of  t h e  

a d d i t i o n a l   gas  m i x t u r e   was  c h a n g e d   to   35  m o l a r   %  o f  

t e t r a f   l u o r o e t h y l e n e   ,  35  m o l a r   %  o f  

c h l o r o t r   i f   l u o r o e t h y l e n e   and  30  m o l a r   %  of  e t h y l e n e .   T h e  

p o l y m e r i z a t i o n   was  c o n d u c t e d   f o r   3 .5   h o u r s ,   w h e r e b y   35  g  

of  a  p o l y m e r   was  o b t a i n e d .   The  c o m p o s i t i o n   of  t h i s  

p o l y m e r   was  T F E / C T F E / E T   =  3 3 / 3 6 / 3 1   ( m o l a r   %).  T h e  

p r o p e r t i e s   t h e r e o f   a r e   shown  in  T a b l e   1 .  
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E x a m p l e s   3  to   7 

In  t h e   same  m a n n e r   as  in  E x a m p l e   1,  p o l y m e r s   h a v i n g  
d i f f e r e n t   c o m p o s i t i o n s   w e r e   p r e p a r e d   by  s e l e c t i n g   t h e  

c o m p o s i t i o n   of  t h e   monomer   m i x t u r e   i n i t i a l l y   c h a r g e d   a n d  
>  t h e   c o m p o s i t i o n   of  t h e   monomer   m i x t u r e   a d d i t i o n a l l y  

s u p p l i e d ,   as  shown  b e l o w .  

—  -w*i*.1.J.j,  n u u i   n o n a i   l y  
c h a r g e d   s u p p l i e d  

E x a m p l e   monomer   monomer   P o l y m e r  
compos   i  t  i  on  compos   i  t  ion   c o m p o s   i  t  i  o n  ( m o l a r   %)  ( m o l a r   %)  ( m o l a r   i )  

=  T F ^ T F E / E T   T F E / C T F E / E T   T F E / C T F E / E T  

4  W t W H   2 0 / 4 5 / 3 5   1 9 / 4 3 / 3 8   "  
1  2 6 / 7 0 / 4   2 0 / 5 5 / 2 5   2 0 / 5 4 / 2 6  
1  W M Q   6 0 / 2 0 / 2 0   5 8 / 2 2 / 2 0  
1  i - V ' V S   l U / b b / j b   1 2 / 5 5 / 3 3  7  4 5 / 4 5 / 1 0   W W 4 0   3 2 / 3 1 / 3 7  

v.̂   luc   u u i y m e r s   a r e   snown  in  T a b l e   1 .  

C o m p a r a t i v e   E x a m p l e s   1  to   3 

In  t h e   same  m a n n e r   as  in  E x a m p l e   1,  p o l y m e r s   h a v i n g  
d i f f e r e n t   c o m p o s i t i o n s ,   i . e .   TFE/ET  =  7 0 / 3 0   ( m o l a r   %)  i n  

C o m p a r a t i v e   E x a m p l e   1,  T F E / C T F E / E T   =  2 0 / 3 1 / 4 9   ( m o l a r   %) 
I  in  C o m p a r a t i v e   E x a m p l e   2  and  T F E / C T F E / E T   =  9 / 4 7 / 4 5   ( m o l a r  

%)  in  C o m p a r a t i v e   E x a m p l e   3,  we re   o b t a i n e d   by  c h a n g i n g  
t he   c o m p o s i t i o n   of  t he   monomer   m i x t u r e   i n i t i a l l y   c h a r g e d  
and  t h e   c o m p o s i t i o n   of  t h e   monomer   m i x t u r e   a d d i t i o n a l l y  

s u p p l i e d .   The  p r o p e r t i e s   of  t he   r e s p e c t i v e   p o l y m e r s   a r e  
shown  in  T a b l e   1 .  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  

f l a m e - r e t a r d a n t   r e s i n   h a v i n g   e x c e l l e n t   e f f e c t s   s u c h   a s  
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c e l l e n t   m o l d a b i l i t y   w i t h   t h e   d i f f e r e n c e   b e t w e e n   t h e  

: l t i n g   p o i n t   and  t h e   t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e  

>ing  a t   l e a s t   1 2 0 ° C ,   and  e x c e l l e n t   f  i r e - r e t a r d a n c y   w i t h  

p r o v e d   d r i p p i n g   r e s i s t a n c e   s u c h   t h a t   i t   i s   c a r b o n i z e d  

:  t h e   t i m e   of  c o m b u s t i o n .   F u r t h e r ,   t h e  

L u o r i n e - c o n t a i n i n g   c o p o l y m e r   of  t h e   p r e s e n t   i n v e n t i o n  

as  e x c e l l e n t   e l e c t r i c a l   p r o p e r t i e s ,   and  when  u s e d   as  a  

o a t i n g   m a t e r i a l   f o r   e l e c t r i c   w i r e s ,   i t   p r o v i d e s   u s e f u l  

f f e c t s   as  f l a m e - r e t a r d a n t   low  f u m i n g   e l e c t r i c   w i r e s .  
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E : £ E E E E g a E t t £ a E  
fq i rOrOfOfOra (Ogiog(OE<0   ^  K X X X X X X O X O X O X   H ( N f n  n  w  w  n  w  w  w  u  w  o  w  u  ra  * * *  

O  E  U  £  r-l  QJ  CU0  £  £  

cu  o  



U  Z  £  O  I 

-  14  -  

LAIMS  : 

A  f l a m e - r e t a r d a n t   r e s i n   h a v i n g   e x c e l l e n t   m o l d a b i l i t y  

o m p o s e d   e s s e n t i a l l y   of  a  f l u o r i n e - c o n t a i n i n g   c o p o l y m e r  

b t a i n e d   by  t h e   c o p o l y m e r i z a t i o n   of  t e t r a f   l u o r o e t h y l e n e   , 

h l o r o t r i f   l u o r o e t h y l e n e   and  e t h y l e n e ,   w h e r e i n   t h e  

o p o l y m e r   c o m p r i s e s   f rom  10  to   60  m o l a r   %  o f  

. e t r a f   l u o r o e t h y l e n e ,   f rom  20  to   60  m o l a r   %  o f  

i h l o r o t r i f l u o r o e t h y l e n e   and  f rom  20  to   40  m o l a r   %  o f  

i t h y l e n e ,   and  has   a  t h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e   o f  

it  l e a s t   3 2 5 ° C .  

>.  The  '  f l a m e - r e t a r d a n t   r e s i n   a c c o r d i n g   to   C l a i m   1 ,  

t h e r e i n   t h e   d i f f e r e n c e   b e t w e e n   t h e   m e l t i n g   p o i n t   and  t h e  

: h e r m a l   d e c o m p o s i t i o n   t e m p e r a t u r e   of  t h e  

E l u o r i n e - c o n t a i n i n g   c o p o l y m e r   is  a t   l e a s t   1 2 0 ° C .  

3.  The  f l a m e - r e t a r d a n t   r e s i n   a c c o r d i n g   to   C l a i m   1 ,  

w h e r e i n   t h e   f l u o r i n e - c o n t a i n i n g   c o p o l y m e r   has   an  o x y g e n  

i n d e x   of  a t   l e a s t   60  . 

4.  The  f l a m e - r e t a r d a n t   r e s i n   a c c o r d i n g   to   C l a i m   1 ,  

w h e r e i n   t h e   f l u o r i n e - c o n t a i n i n g   c o p o l y m e r   is   c a r b o n i z a b l e  

upon   c o m b u s t i o n   and  has   good  d r i p p i n g   r e s i s t a n c e .  
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